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ABSTRACT 
CHIMPANZEE (PAN TROGLODYTES) SPACE  
USE IN A SANCTUARY SETTING 
by 
Holly Ann Soubiea 
March 2017 
Studies of chimpanzee space use can provide information about chimpanzees’ 
preferences and welfare. This study examined the space use of 12 chimpanzees at Fauna 
Foundation, a chimpanzee sanctuary located in Carignan, Québec, Canada. Observers recorded 
the chimpanzees’ location, elevation, perimeter, and substrate using a scan sampling procedure. 
In total, there were 93 hours of data and 3,190 scans.  The author used Geographical Information 
System (GIS) to plot the chimpanzees’ location for each scan. The chimpanzees used the largest 
rooms most often, were inside 61% (n = 1,942) of the time, an arm’s reach away from the 
perimeter 90% (n = 2,869) of the time, off the ground 80% (n = 2,556) of the time, and used the 
substrate rubber mats the most. The chimpanzees showed individual differences in which rooms 
they occupied the most and which substrates they used the most. The information from this study 
can be used by current and future chimpanzee sanctuaries when the staff are expanding their 
enclosures and/or creating new facilities. 
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CHAPTER I 
INTRODUCTION AND LITERATURE REVIEW 
When humans keep non-human primates in captivity, they create, maintain, and control 
the non-human primates’ environment. Studying how animals utilize the space in their enclosure 
can provide information about their preferences and welfare. A well-designed enclosure will 
allow animals to perform species-typical behavior. In the wild, chimpanzees (Pan troglodytes) 
live in a variety of habitats that include rainforests, montane forests, savanna, and dry woodland 
(Goodall, 1986). Their home range is affected by environmental factors such as food distribution, 
number of individuals in their group, and the density of the surrounding populations. The social 
structure of wild chimpanzees is a fission-fusion society in which chimpanzees have fluid 
subgroupings within a stable community. When chimpanzees are in captivity, they are not able to 
experience this ecological variability, so it is important for caregivers to try to make a complex 
environment both environmentally and socially. In captivity, chimpanzees live in a variety of 
settings: accredited sanctuaries, accredited zoos, unaccredited facilities, trainer/entertainment 
industries, biomedical laboratories, and as pets/breeders (ChimpCARE, 2015). In each of these 
settings, chimpanzees have different enclosures and care. Studying what parts of the enclosures 
chimpanzees utilize can help us create better captive settings for them. The current study aimed 
to provide information on what parts of an enclosure chimpanzees utilized. This information 
could be used by the staff of current and future chimpanzee sanctuaries when they are building or 
remodeling their enclosures.  
Laws, Regulations, and Accreditation 
A number of laws and regulations govern how chimpanzees can be housed in captivity. 
The Animal Welfare Act (AWA) requires provision for non-human primates’ primary enclosures 
and their psychological well-being (United States Department of Agriculture [USDA], 2013). 
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The general requirements for primary enclosures include: that they are clean and sanitary; have 
shelter from extreme weather; shade; have easy access to clean food and water; have structurally 
sound containment that cannot hurt the primate; and have dry, clean, and sufficient space. The 
minimum space requirement for chimpanzees (a primate over 25 kg) is 2.33 m² of floor space 
and 213.36 cm in height (USDA, 2013). The AWA also states that the primates must have 
environmental enhancement in order to promote their psychological well-being. Their 
enrichment guidelines include social grouping unless the animal is sick, aggressive, or 
debilitated. Environmental enrichment includes perches, swings, mirrors, increased cage 
complexity, foraging, and caregiver interaction (USDA, 2013).  
An Institute of Medicine (IOM) report suggests that research should only be permitted if 
animals are maintained in an ethologically appropriate physical and social environment 
(Altevogt, Pankevich, Shelton-Davenport, & Kahn, 2011). One example that IOM highlights is 
that animals experience chronic stress when they are deprived of usual habitats. For chimpanzees 
in laboratories, “usual habitat” includes the presence of conspecifics and an enclosure that allows 
them to exhibit species-typical behavior (sufficient space and environmental complexity). Based 
on this report, the National Institutes of Health (NIH) created the Council of Councils Working 
Group on the Use of Chimpanzees in NIH Supported Research. In 2013, the Working Group 
developed recommendations and delivered its report to the NIH Council of Councils (Council of 
Councils Working Group on the Use of Chimpanzees in NIH Supported Research [Council of 
Councils], 2013). The Working Group included 10 recommendations regarding ethologically-
appropriate physical and social environments in their report. Recommendation EA1 states that 
chimpanzees should live in multi-male, multi-female social groupings and should ideally be in a 
group of at least seven individuals. Recommendations EA2-EA4 state that the chimpanzees’ 
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living spaces should be at least 93 m² per individual and provide the opportunity to climb at least 
6.1 m, provide access to the outdoors year round, and the outdoor enclosure should include 
natural substrates (grass, dirt, mulch, etc.). Recommendation EA5 states that there should be 
foraging opportunities and that chimpanzees’ diet should consist of various nutrients. 
Recommendations EA6 and EA7 state that the chimpanzees should be provided with materials to 
make new nests every day and be given environmental enrichment that provides opportunities 
for choice and self-determination. Recommendations EA8-10 state that personnel working with 
the chimpanzees must receive training in values that promote both the psychological and 
behavioral well-being of the chimpanzees, the trainer-to-chimpanzee ratio should be two staff 
members for every 50 chimpanzees, and the chimpanzees’ records must be detailed and include 
social, physical, behavioral, and psychological requirements. 
In addition to laws and guidelines, there are also organizations that accredit sanctuaries 
and zoos. These accreditations certify that the facility provides care that meets the accrediting 
organization’s standards. The Association of Zoos and Aquariums (AZA)  evaluates zoos’ 
veterinary programs, conservation research and education programs, safety policies and 
procedures, security measures, physical facilities, guest services, the quality of staff, the state of 
the zoos’ finances, and governing authority (Association of Zoos and Aquariums [AZA], 2014). 
Accreditors note that “AZA-accredited institutions have an ethical responsibility to ensure the 
well-being of the animals in their care” (AZA, 2014). To do this, the AZA focuses on the 
animals’ living environments, social groupings, health, nutrition, and provision of enrichment.  
The Global Federation of Animal Sanctuaries (GFAS) provides worldwide standards and 
a global accreditation program for animal sanctuaries (The Global Federation of Animal 
Sanctuaries [GFAS], 2015). Their standards for large-bodied ape sanctuaries require the 
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sanctuaries to provide “-sufficient opportunity and space to move about freely and rapidly, and to 
exercise choice in location so as to reduce stress and maintain good physical condition” (GFAS, 
2015, p. 4). Large-bodied ape enclosures must be species-appropriate and provide vertical and 
horizontal space that is diverse and complex. If the sanctuary is located where freezing 
temperatures occur, the facility must include indoor housing with year-round protection from the 
elements. The indoor enclosure must be large enough to allow large-bodied apes to perform 
species-typical behaviors (e.g. run, climb, etc.). Indoor enclosure minimum requirements are one 
room with a minimum dimension of 18.6 m² for two apes, with an additional 4.6 m² per 
additional animal, and a minimum vertical height of 4.6 m. If the primary enclosure is outdoors it 
must provide a secure shelter and night housing for the apes. For outdoor enclosures, there is a 
minimum of 464.5 m² per five large-bodied apes, with an additional 23.22 m² for each additional 
individual.  
To be a member sanctuary in the North American Primate Sanctuary Alliance (NAPSA), 
the sanctuary must be a non-profit organization, licensed by the USDA (if in the United States) 
or the Minister of Agriculture and the Department of Parks and Fisheries (if in Canada), must 
have GFAS accreditation, must be closed to the public, and must provide emergency and 
preventive veterinary care to their primates (North American Primate Sanctuary Alliance 
[NAPSA], 2015). NAPSA requires that member sanctuaries provide care with consideration for 
primates’ physical and psychological needs.   
Habitat and Structure Use 
Every ape enclosure is different, so determining what parts of the enclosure the apes use 
can reveal which parts are the most important. Ross, Calcutt, Schapiro, and Hau (2011) found 
that 12 chimpanzees at the Lincoln Park Zoo used 74.4% of their indoor space, 91.4% of their  
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ground space, and 56.5% of their three dimensional locations (2 m to 6 m off the ground). The 
chimpanzees spent 50% of their time in only 3.2% of their total space. The 11 gorillas at this zoo 
used 76.1% of their indoor space, 59% of ground space, 28.5% of their three dimensional space, 
and spent half of their time in only 1.5% of their total available space. The chimpanzees at the 
Chimpanzee and Human Communication Institute (CHCI) spent 73.4 % of their time above (off) 
the ground (Jensvold, Sanz, Fouts, & Fouts, 2001). While outdoors, the CHCI chimpanzees used 
structures 84.73% of the time, but only 60.77% when they were indoors. Chimpanzees at the 
Primate Foundation of Arizona used parts of their enclosure that were significantly away from 
open areas, near the enclosure perimeter or partitions, and above ground level (Traylor-Holzer & 
Fritz, 1985). Every chimpanzee was in more contact with mesh barriers than with solid walls. 
The researchers assumed this was because the mesh allowed visual and tactile contact with 
conspecifics and caregivers. A mesh barrier was also used for climbing and provided the 
chimpanzees with better accessibility to other parts of their enclosures. Mother and infant pairs 
used levels above the enclosure floor, benches, and areas near the edge of the enclosure the most 
(Goff, Howell, Fritz, & Nankivell, 1994).  
 Stoinski, Hoff, and Maple (2000) studied 19 gorillas from Zoo Atlanta in Atlanta, 
Georgia to analyze their habitat use and structural preference. The gorillas spent more than 50% 
of their time in less than 15% of the exhibit. The areas they used most were adjacent to the 
holding building (26% of the gorillas spent more than 50% of their time there). There were 
significant group differences in preference for being near non-building structures (trees, rocks, 
and stumps): one group was 20% higher than the expected rate while the other group was 7-13% 
lower than expected. Gorillas habitually used certain areas of their enclosure when the 
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temperature was high or low and did not have habitual use of any areas when the temperature 
was moderate.  
Individual Differences in Space Use 
Chimpanzees have individual preferences in their use of enclosures. Ross et al. (2011) 
found that the chimpanzees’ use of outside space at the Lincoln Park Zoo depended on each 
individual’s rearing history. The younger chimpanzees were born and raised in an outdoor 
environment, whereas the older individuals had lived indoors for most of their lives. The younger 
chimpanzees spent 41% of their time outdoors, whereas the older chimpanzees only spent 22% 
of their time outdoors. Likewise, the five chimpanzees at CHCI had a personal preference for 
particular aspects of their enclosure (Jensvold et al., 2001). For example, one chimpanzee used 
the structures twice as much as the other chimpanzees. Individual preferences show that it is 
important for enclosures to contain many structures and options for chimpanzees. If there are 
multiple structures, there are more opportunities for the chimpanzees to access their favorite 
parts of the enclosure.  
Social grouping is another important factor of the captive environment. Bettinger, Wallis, 
and Carter (1994) recorded space use in nine female chimpanzees from the Tulsa Zoo in 
Oklahoma. Each female had a particular area of the enclosure she used most often. Two of the 
females frequently used the same sites, but they did so at different times. As Traylor-Holzer and 
Fritz (1985) note, one chimpanzee’s preference may affect the choice of location in others. 
Desirable locations may not just be based on the enclosure itself, but also the social 
interrelationships between group members.  
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Space Use and Behavior 
 The structure and space of an enclosure affect captive ape behavior. Wilson (1982) 
studied the activity levels of 161 orangutans and 127 gorillas in 41 different zoos. She found that 
the size of enclosure, useable surface area of the enclosure, and the frequency of feeding were 
not significantly related to the activity level of these apes. Instead, the number of apes in the 
enclosure, stationary objects, and temporary objects were significantly correlated to high activity 
levels. This finding shows that how the enclosure is maintained is just as important as how the 
enclosure is built.  
 Behavioral changes can occur when chimpanzees move to a new enclosure. Jensvold et 
al. (2001) found that when the chimpanzees at CHCI moved from an enclosure with no outside 
access to a bigger enclosure that had outside access, they had an increase in climbing and bipedal 
postures. Leaping was not observed until the transfer to the new enclosure. The percent of travel 
doubled from 4.94% in their old enclosure to 8.82% in their new enclosure.  
Three chimpanzees moved from the Yerkes Primate Research Center, a laboratory, to 
Kingdom’s Three Animal Park, a manmade island (Clarke, Juno, & Maple, 1982). In the 
laboratory the chimpanzees were confined in a 2.4 m x 6.1 m cage. The new island was 38.1 m x 
12.2 m and was lush in foliage with a few structures for shade. After the move, the chimpanzees’ 
stereotyped behaviors dramatically decreased. At the laboratory, one of the chimpanzees 
displayed stereotypies 26.5-45.75 times per hour. Once he moved to the island, his stereotypies 
were observed only one to four times an hour. All of the chimpanzees had an increase in social 
grooming and social play once they moved to the island. 
 Positive changes in behavior occur when chimpanzees have choices in their enclosures. 
Kurtycz, Wagner, and Ross (2014) compared the behaviors of six chimpanzees and 11 gorillas at 
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Lincoln Park Zoo’s Regenstein Center for African Apes with a choice to go indoors and 
outdoors, to times with no outdoor option. With the outdoors or indoors choice, the chimpanzees 
had higher rates of prosocial behavior, higher rates of self-directed behaviors, and lower rates of 
inactivity. Likewise, the gorillas had a decrease in inactivity, and an increase in feeding and 
object use. This research shows that giving chimpanzees and gorillas a choice in their enclosures 
can change their behavior.  
 Brent, Lee, and Eichberg (1991) recorded behavior changes in 38 chimpanzees at the 
Southwest Foundation for Biomedical Research in San Antonio, Texas when they were given 
access to an outside enclosure for the first time. The chimpanzees’ activity levels and 
environmental manipulation significantly increased once they received access to the outside area. 
They also had significant decreases in self-directed behaviors. Males used the loose items and 
concrete more than females, and males displayed more with loose tires and barrels. Many of the 
chimpanzees were initially hesitant in the outdoor area. The authors noted that most of the 
chimpanzees had never touched grass before, so it was a novel experience. At first, most of the 
chimpanzees climbed around the enclosure, hung onto the mesh, or walked on the concrete. 
Eventually, they started to walk on the grass and became accustomed to it.  
Heggs (2012) studied the behavioral effects of chimpanzees’ access to a large 8093.71 m² 
outdoor enclosure for the first time. Chimpanzee Sanctuary Northwest housed seven 
chimpanzees who came from a biomedical facility. Before this study, the chimpanzees only had 
access to an indoor enclosure and a mesh outdoor enclosure. After living at the sanctuary for four 
years, the chimpanzees received access to an outdoor habitat surrounded by electric fences. Pre-
expansion data was collected for three weeks before the outdoor enclosure was open, and post-
expansion data was collected for one month after it was open. The chimpanzees showed a 
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decrease in object manipulation, inactivity, prosocial behavior, and self-directed behaviors and 
an increase in locomotion, attention (gaze), and forage/feed from the pre- to post-expansion 
phases.  
Old vs. New Enclosures 
 Ross, Schapiro, Hau, and Lukas (2009) compared space use differences between an old 
and new exhibit for chimpanzees and gorillas at the Lincoln Park Zoo. The new exhibit was 
designed with consideration of what portions of the old exhibit the chimpanzees and gorillas 
used the most and least. In the old enclosure the chimpanzees preferred water sources, mesh 
walls, and corners, and they under-utilized open areas. In the new exhibit, they under-utilized 
corners and mesh walls. These areas became under-utilized because the new exhibit had a higher 
proportion of these features based on the preferences in the old enclosure. In the new facility 
they created more proportionate open spaces and permanent elements. In the old exhibit, the 
gorillas showed preferences for doorways, water sources, mesh walls, and corners. The gorillas 
also under-utilized areas adjacent to permanent elements, temporary elements, and open spaces. 
Once they were in the new exhibit, the gorillas showed a significant preference for permanent 
elements and corners, and under-utilized temporary elements, water sources, and open spaces.  
 Lukas, Hoff, and Maple (2003) studied 13 gorillas from Zoo Atlanta when the zoo 
opened new gorilla enclosures. The new enclosures were designed to have the gorilla groups 
rotate between four naturalistic outdoor exhibits. The gorillas exhibited the lowest levels of 
inactivity during baseline (before the new exhibits) and approached each other significantly more 
often during the novel phase (the first three weeks in one of the new exhibits). Once they were in 
the new exhibits they used grass significantly more often than they did  in the old exhibit. The 
gorillas were observed to be out of public view in Exhibit 1 compared to Exhibit 4, but there 
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were no differences in gorillas’ postures, social interactions, or social proximities between the 
two exhibits. 
Spatial Restrictions 
In zoos and other facilities, animals need to be shifted between rooms so that the 
enclosure(s) can be cleaned. Ross, Wagner, Schapiro, and Hau (2010) studied the effects of 
short-term holding areas on gorillas and chimpanzees. They examined the seven gorillas and 
seven chimpanzees at the Regenstein Center for African Apes at Lincoln Park Zoo. The gorillas 
performed higher rates of prosocial behavior and locomotion and had an increase in aggression, 
self-directed behavior, and solitary play in the holding area. They had an increase in feeding, 
foraging, and sexual behavior while they were in the exhibit area. There was an increase in 
aggression, scratching, and self-directed behaviors when chimpanzees were in holding rooms. 
They displayed higher rates of feeding and foraging while they were on exhibit.  
Videan and Fritz (2007) studied 23 chimpanzees at the Primate Foundation of Arizona 
and found that while female chimpanzees were in a low-density enclosure they had significantly 
lower levels of social grooming and affiliative behaviors compared to when they were in a high-
density enclosure. When the male chimpanzees were in the high density enclosures they showed 
a significant decrease in displays and attacks.  
 Duncan, Jones, van Lierop, and Pillay (2013) examined the effect of spatial restrictions 
on chimpanzee behavior at the Johannesburg Zoo in South Africa. The original enclosure was 
small and barren, while the new naturalistic enclosure contained large trees, logs, and climbing 
structures. They collected data for 13 weeks in the old enclosure (baseline), seven weeks during 
the reconstruction, and eight weeks following release into the new enclosure. There were two 
groups of chimpanzees (each with five individuals) in this study. Abnormal behaviors occurred 
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the most during the reconstruction period. In the new outdoor enclosure both groups of 
chimpanzees had a significant increase in object manipulation and travel and a significant 
decrease in self-directed behaviors and affiliative behaviors. For the new, indoor enclosure, one 
group had a significant increase in self-directed, abnormal, and affiliative behaviors and a 
significant decrease in object manipulation and aggressive behaviors. One group had a 
significant increase in travel and inactivity, and a significant decrease in object manipulation, 
self-directed behaviors, and affiliative behaviors. The authors concluded that the spatial change 
affected the members of each chimpanzee group differently, but both groups displayed similar 
behavior changes to the outdoor spatial change.  
The Current Study 
 The 12 chimpanzees observed in the current study lived at Fauna Foundation, Carignan, 
Québec, Canada. This sanctuary had a complex enclosure that was comprised of a two-story 
indoor building and three outdoor islands. The building included six privacy rooms, two 
playrooms, and three other rooms (all rooms are upstairs/downstairs). An important aspect of this 
sanctuary was that the chimpanzees lived in fluid sub-groups and each subgroup (or individual) 
did not have access to the entire facility. Subgroup members changed throughout the week. The 
current study recorded and analyzed how chimpanzees utilized the parts of their enclosure.  
It was hypothesized that the chimpanzees would not spend an equal proportion of time in 
each area of their enclosure. It was predicted that the chimpanzees would spend more time 
indoors than outdoors, and they would show individual differences for which areas of the 
enclosure they spent most of their time. It was also hypothesized that the chimpanzees would not 
spend an equal proportion of time on and off the ground. It was predicted that they would spend 
more time off the ground. It was hypothesized that the chimpanzees would not spend an equal 
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proportion of time near the perimeter of the enclosure and the center of the enclosure. It was 
predicted that they would spend more time near the perimeter. Lastly, it was hypothesized that 
the chimpanzees would not equally use the substrates that were in their enclosures. It was 
predicted that the chimpanzees would show individual differences for what substrates they used 
the most.  
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CHAPTER II 
METHODS 
Participants 
Chimpanzee Residents 
 Twelve chimpanzees from Fauna Foundation in Carignan, Québec, Canada participated 
in this study. The chimpanzees ranged in age from 26 to 47 years and consisted of six males and 
six females. These chimpanzees were cross-fostered by humans or were raised in homes, or 
reared in laboratories or zoos. For detailed biographical information of each chimpanzee see 
Table 1.  This study was approved by Central Washington University’s Institutional Animal Care 
and Use Committee (protocol #A041509). 
Fauna Foundation 
Fauna Foundation is a chimpanzee sanctuary located in Carignan, Québec, Canada. It is 
currently home to 12 chimpanzees who live in subgroups. These subgroups are separated into 
different areas of the facility during the day. Individuals are shifted among compatible subgroups 
approximately twice per week. The chimpanzees’ diet consists of about 2,000 calories per day 
from vegetables, fruits, nuts, additional protein products, tea, juice, and occasionally dairy 
products. Water is available ad libitum. The chimpanzees receive daily vitamin supplements and 
medications.  
The sanctuary’s Chimp House is two stories and consists of six front rooms, two back 
rooms, and four smaller play areas. There is a total of 1,115 m² of indoor living space (Figures 1 
and 2). In addition, there are 213 m of outdoor tunnels and three outdoor islands that comprise 
8,100 m² of outdoor space (Figure 3). See Figure 4 for a map of Fauna Foundation in its entirety. 
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Table 1  
Biographical Information of the Chimpanzees  
Name Date of Birth Sex Birth Location  Rearing Conditions 
Sue Ellen 03/17/1968 F Unknown 
Home-reared/ 
   Entertainment/ 
   Biomedical lab 
Tatu 12/30/1975 F Institute for Primate          
   Studies, OK 
Cross-fostered 
Spock 02/9/1976 M Institute for Primate  
   Studies, OK 
Cross-fostered/Zoo 
Maya 07/08/1977 F Institute for Primate     
   Studies, OK 
Cross-fostered/Zoo 
Toby 05/1/1978 M Unknown Zoo 
Loulis 05/10/1978 M Yerkes Regional Primate   
   Research Center, GA 
Chimpanzee reared 
Rachel 11/30/1982 F Institute for Primate  
   Studies, OK 
Home-
reared/Biomedical lab 
Chance 09/13/1983 F Unknown Biomedical lab 
Petra 02/24/1988 F LEMSIP*, NY Biomedical lab 
Regis 12/28/1988 M LEMSIP, NY Biomedical lab 
Binky 04/10/1989 M LEMSIP, NY Biomedical lab 
Jethro 08/23/1989 M LEMSIP, NY Biomedical lab 
 
*Laboratory for Experimental Medicine and Surgery in Primates (LEMSIP) 
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Figure 1. Map of Fauna Foundation: Chimp house first floor. 
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Figure 2. Map of Fauna Foundation: Chimp house second floor. 
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Figure 3. Map of Fauna Foundation: Outdoor tunnel system and islands. 
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Figure 4. Map of Fauna Foundation. 
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Study Design 
Study Schedule 
Data collection began on July 10, 2015 and ended on August 5, 2015. In total, data was 
collected for 15 days. Observations occurred Tuesdays, Wednesdays, Fridays, and Saturdays 
from 9:00 am to 4:00 pm. These days were specifically chosen because no major enclosure 
cleaning occurred, so the chimpanzees had greatest access to the facility.  
Data Collection 
 Data collectors performed scan sampling every 20 minutes; every session occurred for 1 
hour, with 3 scans for each hour. In total, there were 93 hours of data collected and 3,190 scans. 
During the scan, data collectors recorded information on each chimpanzee’s location, substrate, 
elevation, and perimeter. The location was a plot of the chimpanzees’ location on a map. The 
substrate was the type of material supporting the chimpanzee. See Table 2 for all substrate types. 
The elevation was whether the chimpanzee was on or off the ground. The perimeter was whether 
the chimpanzee was an arm’s reach away from a perimeter, such as a fence or wall. See Table 2 
for definitions of each category. Data collectors noted for each session which portions of the 
Chimp House each chimpanzee had access. Data collectors marked a scan as “bad observation” 
if they could not accurately code the category. A scan was coded as “no data” if there was a 
mistake on the data sheet or if there was missing data.  
Reliability  
 The data collectors were four 2015 summer interns at Fauna Foundation. All data 
collectors received training in chimpanzee identification and observational techniques.  They 
demonstrated independent chimpanzee identification at 85% or above agreement with a second 
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observer. Every data collector independently scored 85% or above on each of the categories 
(location, substrate, elevation, and perimeter) three times. 
Geographical Information System  
A Geographical Information System (GIS) technician created a map of Fauna using 
ArcGIS® software by Esri (Environmental Systems Research Institute, 2012). The author 
manually entered all location plots from the data collection maps into GIS. Once the plots were 
entered, the author transferred all location data (total location count, chimpanzee location count, 
room count, etc.) to Microsoft Access. The author made maps of the location plots in GIS.  
The author used inter-observer reliability to check for plotting error. The author and a 
second person each plotted 20% of the data. The author then compared the plots to look for 
agreement. For an agreement in the inside rooms and outdoor tunnels, the two plots had to be 
within 4 cm of each other. For an agreement on the islands, the plots had to be within 12 cm of 
each other. All agreements were made with the GIS map set to a 1:20 screen ratio. Inter-observer 
reliability was 85% or higher for all locations 
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Table 2 
Characteristics and Definitions of the Data Sheet  
Category Type Definition 
Substrate Cement Stone-like ground 
 Dirt Earth’s soil 
 Grass A plant  
 Metal An alloy (including: caging, poles, etc.)  
 Object  Any enrichment that was given to the 
chimpanzees (included: hay, blanket, paper, 
enrichment, clothes, etc.) 
 Plastic A manmade synthetic material (included: 
benches, platforms, etc.) 
 Rubber mat A protective covering made of black rubber; 
used as a cover over the caging  
 Wood Lumber made of tree trunks (included: benches, 
platforms, decks, etc.) 
Perimeter  Arm’s reach away from 
perimeter 
The chimpanzee can reach their arm out and 
touch the perimeter of the room. 
 Cannot touch the 
perimeter  
The chimpanzee cannot reach their arm out and 
touch the perimeter of the room. 
Elevation On the ground The chimpanzee is on or touching the ground 
level of the room.  
 Off the ground The chimpanzee is >12.7 cm above the ground.  
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CHAPTER III 
RESULTS 
Location 
Room Usage 
In total, there were 3,180 points plotted into the GIS maps. Figures 5 and 6 show the 
location of every plot, for every chimpanzee, on the first floor. There were 2,906 total plots on 
the first floor. The maps show high concentrations of plots in Privacy Rooms 1-6 (n = 625, 
20%), Back 1 (n = 430, 13.5%), Back 2 (n = 333, 10.5%), in the tunnels closest to the building 
(T1-2, WT1-2, L1, Y1, and TS) (n = 671, 21%), and the Round House Tunnel (n = 208, 6.5%). 
Table 3 shows the total number of observations in each location for each chimpanzee.  
Figure 7 shows the location plot of every chimpanzee on the second floor (n = 274). The 
second floor was 9% of the total plots, much less than the first floor. The most popular locations 
on the second floor were the TP Tunnels 1-6 (n = 87, 32%) and the Mezzanine (n = 55, 20%).  
For individual chimpanzee’s location plots, see Appendix 1, Figures A1-A12. A chi-
square goodness of fit test compared the distribution of observations to an expected. The number 
of times a chimpanzee had access to a room was the expected frequency that she/he would 
appear in a room. There was a significant difference between the distributions of observed values 
versus expected values for each chimpanzee. Table 4 lists the chi-square results for each 
chimpanzee.  
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Figure 5. First floor location data points for all chimpanzees. Note: Data points outside of the 
chimp area are in an area in B2 that goes above the human area. 
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Figure 6. Close up of first floor location data points for all chimpanzees Note: Data points 
outside of the chimp area are in an area in B2 that goes above the human area. 
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Figure 7. Second floor location data points for all chimpanzees. 
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Table 3 
Room Usage Total Count 
 
Chimpanzee 
 
 
Location 
B
in
k
y
 
C
h
an
ce 
Jeth
ro
 
L
o
u
lis 
M
ay
a 
P
etra 
R
ach
el 
R
eg
is 
S
p
o
ck
 
S
u
e 
E
llen
 
T
atu
 
T
o
b
y
 
T
o
tal 
A1 12 3 0 0 16 0 17 0 0 0 0 16 64 
A2 5 0 0 0 16 0 1 0 0 0 0 11 33 
B1 0 133 59 0 0 38 19 118 0 0 0 63 430 
B2 23 0 94 0 42 8 19 86 22 0 0 39 333 
I1 0 1 4 0 0 7 9 7 0 0 0 2 30 
I2 3 0 1 0 12 0 13 0 0 0 0 4 33 
I3 11 0 13 0 9 2 0 0 19 2 0 0 56 
JO 12 0 11 0 7 14 0 0 8 9 3 0 64 
JR1-2 26 0 2 2 9 5 0 0 35 6 6 0 91 
J2 4 0 1 1 4 9 0 0 2 0 2 0 23 
L1-2 19 5 0 9 49 0 26 0 13 27 11 8 167 
M1 0 0 0 21 0 0 0 0 3 4 3 0 31 
M2 0 0 0 13 0 0 0 0 2 10 22 0 47 
O1-3 0 0 1 22 2 0 0 0 1 7 69 0 102 
P1-6 59 21 43 26 29 146 94 32 77 19 45 34 625 
RH 25 69 0 25 12 0 12 0 28 1 15 21 208 
RR 0 0 0 31 0 0 0 0 18 0 4 0 53 
SQ 0 0 0 0 0 0 0 0 2 0 0 0 2 
T1-2 24 0 23 49 29 1 0 0 33 81 23 0 263 
TP1-6 3 2 4 27 7 10 2 0 2 27 3 0 87 
TS 0 0 0 36 0 0 0 0 4 69 59 0 168 
U1 4 6 0 0 0 0 1 1 0 0 0 0 12 
U2 16 0 4 7 8 2 0 0 0 2 0 0 39 
U3 0 0 2 0 1 0 0 1 0 0 0 12 16 
WR 2 0 0 0 0 0 0 0 4 0 0 0 6 
WT1-2 18 4 2 0 6 6 12 9 1 5 5 8 76 
Y1-5 0 2 9 0 0 20 39 12 0 0 0 36 118 
Total 266 246 273 269 258 268 264 266 274 269 270 254 3177 
Note. No data (n = 13) excluded. A1-2 = Apartment, B1-2= Back Rooms, I1-3 = Islands, JR1-2 = 
first floor Jeannie’s Area, J2 = second floor Jeannie’s Area, L1-2 = Long Tunnel, M1 = first 
floor Mezzanine, M2 = second floor Mezzanine, O1-3 = Pop-over tunnels, P1-6 = Privacy 
Rooms, RH = Round House Tunnel, RR = Terrace, SQ = Squeeze Room, T1-2 = Tatu’s Tunnel, 
TP1-6 = TP Tunnels, TS = Tatu-Sue Tunnel, U1-U3 = Indoor U Tunnels, WR = Wake-up Room, 
WT1-2 = Wall Tunnel, and Y1-5 = Yoko’s Tunnel. 
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Table 4 
Chi-Square Goodness of Fit Test Results for Location 
 
Chimpanzee χ² df 
Binky 207.27 18 
Chance 1375.50 11 
Jethro 946.37 18 
Loulis 212.09 16 
Maya 260.25 18 
Petra 551.78 18 
Rachel 542.13 18 
Regis 1087.00 9 
Spock 436.21 19 
Sue Ellen 441.45 17 
Tatu 149.00 16 
Toby 417.04 13 
Note. No data (n = 13) excluded. P < .0001 for all chimpanzees.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
28 
 
The standardized residuals for location appear in Figure 8. Binky used Back 1  
(SR = 9.83), Privacy Rooms 1-6 (SR = 4.34), the Round House Tunnel (SR = 4.19) more than 
expected. He used the TP Tunnels 1-6 (SR = -5.57), the Squeeze Room (SR = -3.4), and Pop-
over Tunnels 1-3 (SR =    -3.36) less than expected. Chance used Back Room 1 (SR = 29.35), the 
Round House Tunnel (SR = 20.79), and Yoko’s Tunnel 1-5 (SR = 10.66) more than expected. 
She used TP Tunnels 1-6 (SR = -4.80), Wall Tunnel 1-2 (SR = -4.50), Island 1 (SR = -3.72), 
Long Tunnel 1-2 (SR = -3.09), and Apartment 2 (SR = -3.01) less than expected. Jethro used 
Back 2 (SR = 22.84) and Back 1 (SR = 17.63) more than expected. He used TP Tunnels 1-6  
(SR = -6.14), Yoko’s Tunnel 1-5 (SR = -5.58), Jeannie’s Room (SR = -3.52), and Tunnel U3  
(SR = -3.15) less than expected. Loulis used Tatu’s Tunnel (SR = 9.79) and the Round House 
(SR = 8.18) more than expected, and the Pop-over Tunnels (SR = -4.93) less than expected.  
Maya used Back 2 (SR = 12.17), Long Tunnel 1-2 (SR = 5.46), and Island 2 (SR = 3.70) more 
than expected and TP Tunnels 1-6 (SR = -5.71) less than expected. Petra used the Privacy Rooms 
1-6 (SR = 20.48) and Back 1 (SR = 8.27) more than expected. She used Yoko’s Tunnel  
(SR = -5.33), TP Tunnels 1-6 (SR = -4.41), Tunnel U1 (SR = -3.40), and Tatu’s Tunnel 1-2  
(SR = -3.17) less than expected. Rachel used Back 1 (SR = 13.79) and Back 2 (SR = 11.87) more 
than expected. She used TP Tunnels 1-6 (SR = -5.64), Tunnel U1 (SR = -3.79), Yoko’s Tunnel 
(SR = -3.71), Wall Tunnel 1-2 (SR = -3.47), and Long Tunnel 1-2 (SR = -3.02) less than 
expected. Regis use Back 1 (SR = 24.03) and Back 2 (SR = 20.54) more than expected. He used 
Yoko’s Tunnel 1-5 (SR = -10.34), TP Tunnels 1-6 (SR = 6.50), Tunnel U1 (SR = -3.58), Island 2 
(SR = -3.49), and Tunnel U3 (SR = -3.45) less than expected.  Spock used Back 2 (SR = 10.80), 
Round House Tunnel (SR = 10.15), Privacy Rooms 1-6 (SR = 9.20), and Tatu’s Tunnel 1-2  
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(SR = 3.25) more than expected. He used Pop-over Tunnels 1-3 (SR = -5.81), TP Tunnels 1-6 
(SR = -5.44), and Tunnel U2 (SR = 3.68) less than expected. Sue Ellen used Tatu’s Tunnel  
(SR = 14.19), Tatu-Sue Tunnel (SR = 11.49), and Long Tunnel 1-2 (SR = 5.41) more than 
expected. She used the Pop-over Tunnels 1-3 (SR = -6.38), the Terrace (SR = -4.62), and 
Mezzanine 1 (SR = -3.69) less than expected. Tatu used the Tatu-Sue Tunnel (SR = 6.85), the 
Round House Tunnel (SR = 3.90), and Privacy Rooms 1-6 (SR = 3.57) more than expected. She 
used TP Tunnels 1-6 (SR = -4.94), Mezzanine 1 (SR = -4.73), and the Terrace (SR = -4.52) less 
than expected. Toby used Back 1 (SR = 13.79), Back 2 (SR = 11.87), and the Round House 
Tunnel (SR = 3.22) more than expected. He used TP Tunnels 1-6 (SR = -5.63), Tunnel U1  
(SR = -3.79), Yoko’s Tunnel (SR = -3.71), and Wall Tunnels 1-2 (SR = -3.47) less than 
expected.  
Inside or Outside 
Table 5 shows the number of times each chimpanzee was inside or outside. Overall, the 
chimpanzees were inside 1,942 times (61% of the observations) and outside 1,238 times (39% of 
the observations). Compared to the other chimpanzees, Regis was inside the most (89% of the 
observations). Petra and Jethro were also inside (Petra = 81%; Jethro = 77% of the observations) 
more often than the other chimpanzees. In contrast, Sue Ellen was recorded inside (28% of the 
observations) the least.  
A binomial test compared the number of times the chimpanzees were inside or outside. 
Table 5 shows the binomial test results for each chimpanzee. Binky, Chance, Jethro, Petra, 
Rachel, Regis, Sue Ellen, and Toby were outside or inside with frequencies that differed 
significantly than what would be expected if they showed no preference. The z-scores indicated 
that Sue Ellen was the only chimpanzee that significantly was outside more than inside. 
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Figure 8. Standardized residuals for location. 
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Figure 8 Continued.  
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Figure 8 Continued. 
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Table 5 
Individual Chimpanzee Inside or Outside Space Use and Binomial Test Results 
Chimpanzee Inside Outside Mean Variance SD 
Inside      
Z-ratio 
Binky 154 113 132.50 66.25 8.81 2.46* 
Chance 165 81 123.00 61.50 7.84 5.29* 
Jethro 210 63 136.50 68.25 8.26 8.84* 
Loulis 119 150 134.50 67.25 8.20 -1.83 
Maya 134 124 129.00 64.50 8.03 0.56 
Petra 218 50 134.00 67.00 8.19 10.20* 
Rachel 154 111 132.50 66.25 8.14 2.58* 
Regis 238 28 133.00 66.50 8.15 12.81* 
Spock 150 124 137.00 68.50 8.28 1.51 
Sue Ellen 75 195 135.00 67.50 8.22 -7.24* 
Tatu 150 120 135.00 67.50 8.22 1.76 
Toby 175 79 127.00 63.50 7.97 5.96* 
Total 1942 1238     
Note. * = significant, z > 2.00 
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Binky, Chance, Jethro, Petra, Rachel, Regis, and Toby significantly were inside more than 
expected. Loulis, Maya, Spock, and Tatu spent time inside and outside equally. See Figure 9 for 
individual chimpanzee inside or outside observed versus expected values. 
Perimeter  
The chimpanzees were within arm’s reach away from the perimeter 2,869 times (90% of 
the time) and could not touch the perimeter 318 times. Binomial tests compared the number of 
times each chimpanzee was within arm’s reach away versus could not touch the perimeter. The 
z-scores indicate that all of the chimpanzees were significantly within arm’s reach of the 
perimeter versus could not touch the perimeter. Table 6 shows the z-scores for each chimpanzee. 
Elevation 
The chimpanzees were off the ground 2,556 times (80% of the time) and on the ground 
626 times. A binomial test compared the number of times the chimpanzees were on or off the 
ground. The z-scores indicate that all of the chimpanzees were off the ground significantly more 
than on the ground. See Table 7 for individual chimpanzee elevation count and the z-scores. 
Substrate 
Rubber mats (n = 683) and cement (n = 589) were the most used substrates. The 
chimpanzees who used cement the most often were Toby (n = 94), Chance (n = 84), Regis  
(n = 71), Jethro (n = 61), and Rachel (n = 58). The chimpanzees who used rubber mats the most 
often were Sue Ellen (n = 128), Maya (n = 90), Binky (n = 77), and Loulis (n = 69). The least 
used substrates were grass (n = 2) and dirt (n = 1). Maya (n = 1) and Spock (n = 1) were the only 
chimpanzees recorded on grass. Toby was the only chimpanzee recorded on dirt. Out of all the 
chimpanzees, Sue Ellen used the rubber mats the most (n = 138), Toby used cement the most  
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Figure 9. Individual chimpanzee inside or outside.  
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Table 6 
Individual Chimpanzee Perimeter Count and Binomial Test Results 
Chimpanzee 
Within 
Arm’s 
Reach of 
Perimeter 
Could Not 
Touch the 
Perimeter 
Mean Variance SD 
Within 
Arm’s 
Reach       
Z-ratio 
Binky 258 10 134.00 67.00 8.19 15.09 
Chance 227 19 123.00 61.50 7.84 13.20 
Jethro 201 71 136.00 68.00 8.25 7.82 
Loulis 262 7 134.50 67.25 8.20 15.49 
Maya 220 39 129.50 64.75 8.05 11.18 
Petra 250 20 135.00 67.50 8.22 13.94 
Rachel 246 20 133.00 66.50 8.15 13.80 
Regis 201 64 132.50 66.25 8.14 8.35 
Spock 243 33 138.00 69.00 8.31 12.58 
Sue Ellen 266 5 135.50 67.75 8.23 15.79 
Tatu 268 4 136.00 68.00 8.25 15.95 
Toby 227 26 126.50 63.25 7.95 12.57 
Total 2869 318     
Note. Bad observations (n = 6) excluded.  
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Table 7 
Individual Chimpanzee Elevation Count and Binomial Test Results 
Chimpanzee 
On the 
Ground 
Off the 
Ground 
Mean Variance SD 
On the 
Ground  
Z-ratio 
Binky 61 205 133.00 66.50 8.15 -8.77 
Chance 88 158 123.00 61.50 7.84 -4.40 
Jethro 33 240 136.50 68.25 8.26 -12.47 
Loulis 32 236 134.00 67.00 8.19 -12.40 
Maya 59 197 128.00 64.00 8.00 -8.56 
Petra 26 245 135.50 67.75 8.23 -13.24 
Rachel 61 204 132.50 66.25 8.14 -8.72 
Regis 37 229 133.00 66.50 8.15 -11.71 
Spock 52 224 138.00 69.00 8.31 -10.29 
Sue Ellen 20 251 135.50 67.75 8.23 -13.97 
Tatu 60 212 136.00 68.00 8.25 -9.16 
Toby 97 155 126.00 63.00 7.94 -3.59 
Total 626 2556     
 Note. Bad observations (n = 11) excluded.  
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(n = 94), Spock used plastic the most (n = 78), Tatu used objects the most (n = 69), Rachel used 
metal the most (n = 26), and Jethro used wood the most (n = 34). Substrate was difficult for data 
collectors to observe, thus bad observations were frequent (33% of observations). Table 8 shows 
the number of observations for each chimpanzee on each substrate. 
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Table 8 
Number of Observations on Substrates  
     Substrate     
Chimpanzee 
Cement Dirt Metal Object Plastic Grass 
Rubber 
Mat 
Wood 
Bad 
Observation 
Binky 53 0 7 4 33 0 77 28 66 
Chance 84 0 2 30 7 0 13 4 106 
Jethro 61 0 5 0 23 0 48 34 102 
Loulis 12 0 7 38 36 0 69 1 106 
Maya 53 0 2 1 14 1 90 29 69 
Petra 24 0 4 5 57 0 17 30 134 
Rachel 58 0 26 17 24 0 54 20 67 
Regis 71 0 9 0 16 0 33 20 117 
Spock 39 0 7 5 78 1 39 24 83 
Sue Ellen 15 0 3 12 20 0 128 10 83 
Tatu 25 0 2 69 39 0 67 8 62 
Toby 94 1 4 1 24 0 48 15 69 
Total 589 1 78 182 371 2 683 223 1064 
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CHAPTER IV 
DISCUSSION 
Location 
Room Usage 
As predicted, the chimpanzees used locations in unequal proportions. For this study, it 
was important to note which rooms the chimpanzees had access to because a single chimpanzee 
never had access to the entire facility at one time. Some of the chimpanzees never had access to 
some of the rooms. The proportion of use corrected for this unequal access, and it still revealed 
the pattern of unequal use.  
The chimpanzees showed individual differences in which rooms they occupied the most. 
Binky, Chance, Jethro, Maya, Rachel, Regis, Spock, and Toby used Back Rooms 1 and/or 2 
more than expected. Binky, Chance, Loulis, Rachel, Spock, Tatu, and Toby used the Round 
House Tunnel more than expected. Sue Ellen was the only chimpanzee to use the Round House 
Tunnel significantly less than expected. Sue Ellen and Loulis were the only chimpanzees to use 
TP Tunnels 1-6 significantly more than expected. In contrast, Jethro, Petra, Rachel, Regis, and 
Toby used Yoko’s Tunnel less than expected; Chance was the only chimpanzee who used it 
more than expected.  
Back Rooms 1 and 2 were the most used rooms. The two Back Rooms were large, open 
rooms which had multiple levels and many climbing structures and were the most complex 
rooms. Some possible reasons that these chimpanzee spent more time in these rooms could be 
the size or complexities of the room. Zoo gorillas also showed a preference for the most complex 
areas of their enclosures (Star & Stark, 2015). 
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Some of the most popular rooms (Privacy Rooms 1-6, Pop-Over Tunnels 1-3, and JR1-2) 
surrounded the kitchen (see Figure 6). From these rooms the chimpanzees had a view of 
caregivers preparing food and doing daily tasks. Some of these rooms had portholes. Food carts 
were often parked outside of the portholes. These two factors could explain why these were 
popular locations/rooms for the chimpanzees. 
The chimpanzees used the second floor significantly less than the first floor. At Fauna 
there were 27 rooms; seven of them were on the second floor. Thus, fewer rooms upstairs could 
explain why the second floor was less occupied. Other rooms that were rarely used were the 
Wake up Room and the Squeeze Room. Binky and Spock were in the Wake up Room six times 
and in the Squeeze Room two times. These two rooms were near the kitchen, but they did not 
offer a full view of the area (see Figure 1). Both rooms were small and had few structures. This 
may be a reason they were seldom used.   
The results suggest that chimpanzee facilities should have multiple enclosures of 
different sizes and shapes. Multiple rooms provide options and variety to accommodate varying 
preferences. The chimpanzees at Fauna spent a quarter of their time in the rooms that surrounded 
the kitchen where food and enrichment preparation occurred. Facilities should have enclosures 
adjacent to the kitchen area that provide opportunities to watch the human activities. This also 
creates a workspace where caregivers are near the chimpanzees. The chimpanzees then can 
easily ask for goods, services, and activities.  
Inside or Outside 
 As predicted, the chimpanzees spent more time indoors than outdoors. Overall, the 
chimpanzees spent 61% of their time inside and 39% of their time outside. Individually, the 
chimpanzees were outside 11-72% of the time. In comparison, in Ross et al. (2011) the younger 
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chimpanzees spent more time outside than the older chimpanzees. Ross et al. collected data 
throughout every season in Chicago, which has extreme seasons. In the current study data was 
collected during the summer season; the results may have changed if the data was collected 
during all four seasons.  
 When collecting data, weather conditions were not noted. The author noticed that it 
rained and stormed throughout data collection. This created a limitation to the current study 
because the chimpanzees tended to stay indoors when it was raining. The chimpanzees might 
have spent more time outdoors if it had not rained.  
At the beginning of this study the islands were closed. Even after the chimpanzees gained 
access to the islands, they used them infrequently (4.7% of the total time they had access to the 
islands). Binky, Jethro, Maya, and Spock were the only chimpanzees that used the islands more 
than expected. An explanation for the individual differences between the chimpanzees’ island 
usage could be the chimpanzees’ rearing history. Ross et al. (2011) found that the chimpanzees 
that had grown up with access to an outdoor enclosure used the outside space more than the 
chimpanzee that had not grown up with access to the outdoors. At Fauna, Maya, Rachel, and 
Spock used the islands the most. All of these chimpanzees’ past rearing history could be the 
reason why they used the islands more than the other chimpanzees. Maya and Spock were raised 
by humans and then lived at a zoo before they came to Fauna. Rachel was previously from a 
laboratory and she used the islands the most. Like Spock and Maya, Rachel was raised by 
humans in the early years of her life. Tatu was also raised by humans, but she did not receive 
access to the islands during this study.  Early exposure to a variety of places, inside and outside, 
may contribute to the chimpanzees’ attraction to the islands. Binky and Jethro were the only 
other chimpanzees who were on the islands more than 10 times. These two chimpanzees were 
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the youngest chimpanzees at Fauna. From the current study’s data, it is unclear why some 
chimpanzees used the islands and other chimpanzees did not. Further research can examine this 
topic.  
When the chimpanzees were outside, they were in the outdoor tunnels 81% of the time. 
An important feature of these tunnels was that they were elevated over 4.57 m in the air. This 
gave the chimpanzees a view of activities around the Chimp House and on the sanctuary 
property. This highly popular outdoor feature should be a consideration in sanctuary design.  
When the chimpanzees were in the tunnels, they often were in the tunnels closest to the 
Chimp House building (see Figures 5 and 6). An exception to this was the Round House Tunnel 
which was the furthest away from the building. It was second most used tunnel; 21% of outdoor 
tunnel usage. A reason that this tunnel might have been popular was because of its location, 
which was near the edge of a pond. The tunnel was surrounded by trees, bird sounds, and was far 
from activities in the Chimp House. The other secluded tunnel that was far from the Chimp 
House was Yoko’s Tunnel (4 and 5), but it was a dead end, not a donut shape like the Round 
House. Only Toby and Rachel were observed in Yoko’s Tunnel (4 and 5), which accounted for 
3% of their total outside time.  
The two outdoor rooms, the Terrace and Jeannie’s Outside Area, accounted for 9% of the 
chimpanzees’ outdoor use (see Figure 6). The Terrace was located by the front door of the 
Chimp House. There was a lot of human activity in this area and the Terrace allowed the 
chimpanzees to watch the humans go in and out of the building. When the chimpanzees were 
observed in the Terrace it was usually near the perimeter adjacent to the human area (see  
Figure 7).   
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It is important for sanctuaries to offer indoor and outdoor enclosure space. There are 
multiple ways to offer outdoor space: tunnels, islands, and outdoor rooms. Out of all observation 
time, the chimpanzees at Fauna were in outdoor tunnels 31% of the time, in the outdoor rooms 
9% of the time, and on the islands 4% of the time. In designing new sanctuaries, it is essential to 
include elevated tunnels. Outside rooms are also important because they allow the chimpanzees 
to be in a room, but also be outside. Options allow chimpanzees’ choices to what types of 
outdoor enclosures they want to spend their time in and accommodates individual preferences.  
Perimeter 
As predicted, the chimpanzees spent more time near the perimeter (90%) than the center 
of the room; the binomial test results were highly significant. Similar to Ross et al. (2009) and 
Traylor-Holzer and Fritz (1985), the chimpanzees in the current study under-utilized open areas. 
Figure 6 shows a close up of where the chimpanzees appeared inside- on the first floor. The 
perimeters of Back 1-2, Privacy Rooms 1-6, and JR1-2 had more plots around the perimeter than 
the center of the room. 
Perimeter use may have been affected by the size of the rooms. If chimpanzees were in a 
tunnel, they would always be in proximity to the perimeter. Likewise, while in the smaller rooms 
(Privacy Rooms 1-6, JR 2, Wake up Room, Squeeze Room, etc.) the chimpanzees could reach 
out and touch the perimeter. In the two largest rooms, Back 1 and 2, the chimpanzees were 
recorded an arm’s reach away from the perimeter 552 times and could not touch the perimeter 
200 times. In the large rooms the chimpanzees still avoided the center of the room and used the 
perimeter significantly more, so with a choice, the perimeter was used more often.  
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Elevation 
As predicted, the chimpanzees spent more time off the ground (80%) versus on the 
ground. This finding was the same for the chimpanzees at CHCI and the Primate Foundation of 
Arizona (Jensvold et al., 2001; Traylor-Holzer & Fritz, 1985).  
As explained earlier, tunnels were one factor that could have affected the elevation 
results. All of the tunnels were elevated, so if the chimpanzees were located in a tunnel they were 
coded as off the ground. It was difficult to disentangle space use for elevation or tunnels in this 
study, but Back 1 and 2 had multiple levels. The chimpanzees could have been at many different 
heights in those rooms when they utilized structures and platforms. When the chimpanzees were 
in these two rooms they were recorded off the ground 518 times and on the ground 237 times. 
This suggests that accessing height is important for chimpanzees. In the wild, chimpanzees are 
both arboreal and terrestrial; they build their nests in trees (Goodall, 1962). 
The chimpanzees at Fauna used the rooms that had more structures (Back 1 and 2) more 
often than the rooms that were bare (Wake up Room and Squeeze Room). It is recommended 
that chimpanzee facilities provide multiple structures and levels in each enclosure. Structures 
make the enclosures more complex and provide the chimpanzees the option to be off the ground. 
Providing chimpanzees with the option to be off the ground promotes species-typical behavior 
because it allows the chimpanzees to nest, play, groom, and eat off the ground. 
Substrate 
As predicted, the chimpanzees showed individual differences in substrate use. Binky, 
Loulis, Maya, and Sue Ellen used rubber mats the most. Chance, Jethro, Rachel, Regis, and Toby 
used cement the most. Petra and Spock used plastic the most. Tatu used objects the most. 
Overall, the chimpanzees used rubber mats the most. The chimpanzees used cement the second 
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most; a substrate that was highly available to the chimpanzees. Substrate could have been 
influenced by location in some locations. For example, if a chimpanzee was sitting in a tunnel, 
the only substrates available were rubber mats or objects.  
Out of all the chimpanzees, Tatu and Loulis used objects the most, closely followed by 
Chance. Rachel and Sue Ellen were the only other two chimpanzees that used objects more than 
10 times. In nearly all of the times that the substrate was an object, it was a blanket. Tatu and 
Loulis moved to Fauna together in 2013 from CHCI. At CHCI they received blankets nightly and 
clothing daily, which was more than the other chimpanzees who came from laboratories and 
zoos. Although, Chance was reared in a biomedical lab and she also often chose objects. Thus, 
rearing history and personal preferences are important considerations in decisions regarding 
enrichment. 
Enrichment is an important aspect of husbandry that sanctuaries should consider. 
Chimpanzees should receive blankets and other substrates (hay, paper, etc.) as a form of 
enrichment (Council of Councils, 2013; GFAS, 2015; USDA, 2013). The chimpanzees are able 
to move these substrates to the location of their choice. This provides options for the 
chimpanzees to manipulate their environment to meet their individual needs. It also allows the 
chimpanzees to use species-typical behaviors because the enrichment can be used to make nests 
and manipulate objects. Many organizations (Council of Councils, 2013; GFAS, 2015; USDA, 
2013) require that chimpanzees are provided with environmental enrichment. Council of 
Councils’ (2013) recommendations EA2-EA4 state that the chimpanzees’ outdoor enclosure 
should include natural substrates (dirt, grass, mulch, etc.). The current study suggests that the 
outdoor enclosures should also include artificial substrates (concrete, plastic, etc.).  
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At Fauna, there were boardwalks on each island, so the chimpanzees could walk on wood 
or plastic instead of just grass. There was also concrete on each island. When the chimpanzees 
were on the islands, they were usually observed on the wooden structures or platforms. In the 
current study, the chimpanzees might have avoided grass because they had the option of walking 
on a wooden boardwalk instead of the grass. In the Brent et al. (1991) study, the chimpanzees 
also avoided grass. As retired laboratory chimpanzees, they never had been exposed to grass 
before, but they eventually became accustomed to it. Most of the chimpanzees at Fauna also are 
retired from laboratories, so this could explain why the chimpanzees avoided the grass.  
This study suggests that chimpanzee facilities should have a number of different 
substrates in each of their enclosures. For example, if facilities have outdoor space they should 
provide more than just grass or dirt as a substrate. When constructing an outdoor area, a 
sanctuary could put boardwalks throughout the enclosure. That way, the chimpanzees can walk 
outdoors and have options on places to walk. The boardwalks could be made of wood, plastic, or 
cement. 
GIS Method 
 The author used GIS to plot the location of every chimpanzee at each scan. The author 
built a map of the sanctuary in GIS and then plotted every data point. This method of plotting 
allowed the researcher to highlight different features and select different subsets. For example, 
GIS allowed for creation of maps for each of the individual chimpanzees’ plots (see Appendix 1, 
Figures A1-A12). It also was possible to select the data for a single day and create a map. Future 
research could examine ways the chimpanzees use their space at the same time every day (for 
example, where the chimpanzees were located at 9:00am every day) or ways the chimpanzees 
used their space when they were grouped with different chimpanzees.  
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Limitations 
 A limitation of this study was that substrate was difficult to observe. The substrate data 
had “bad observations” 33% of the time. Unless the data collectors were 100% certain they could 
see what the chimpanzees were sitting on, they recorded a bad observation. When the 
chimpanzees were located in the outside tunnels it was difficult to see what they were 
sitting/laying on because the tunnels were elevated over 4.57 m. The rubber mats covered the 
bottom of the tunnels, so there was a mat obscuring the observers’ view. The same situation 
occurred in the Back Rooms because data collectors could not accurately see objects under 
chimpanzees in distant locations.  
Future Directions 
 Future research with this data set could examine how human presence affected the 
chimpanzees’ space use. On weekdays at Fauna there was a high level of human activity in the 
Chimp House; on the weekends there was limited staff, so there was limited human activity. 
Were the chimpanzees in locations with high or low human presence and did their patterns 
change with human activity?  
Another topic to examine is inter-group dynamics. Did the chimpanzees change their 
space use when they were grouped with specific chimpanzees? How did each chimpanzee sub-
group use the space in the same location? For example, how did Tatu and Loulis use Back 2 
versus Regis and Jethro? When Petra was grouped with Regis and Jethro did she use the outside 
space more? To do this analysis researchers could use the GIS location plot data by creating 
maps of the chimpanzees’ location by day. They could then analyze who the chimpanzees were 
grouped with each day and compare their space use changed with various partners.  
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Another topic that could be examined is how the chimpanzees’ space use varied during 
each season. Do the chimpanzees stay inside more during spring, summer, fall, or winter? If they 
stayed inside more during the winter, how did their indoor space use differ from the summer? 
For this topic, more data would need to be collected. Currently, there is only data from the 
summer.  
Conclusion 
 Overall, this study showed that the chimpanzees used the largest rooms at the sanctuary 
most often, were frequently near places of human activity, were inside more than outside, spent 
more time off the ground than on the ground, and were near the perimeter of their enclosure most 
of the time. It is important to know which areas chimpanzees use the most because it provides 
insight about preferences and welfare. When we know their preferences we can better create and 
maintain the spaces they will use. The information from this study can be used by Fauna for any 
future expansions of the sanctuary. Fauna can also use this information to learn what rooms each 
chimpanzee had a preference for, which could then help them decide what areas of the facility to 
give each chimpanzee access to.  
The National Institutes of Health (NIH) are no longer using chimpanzees in research, so 
they will be retiring their chimpanzees to sanctuary (Collins, 2015). The world’s largest 
chimpanzee research facility, Louisiana’s New Iberia Research Center, has also decided to 
release all of its chimpanzees to sanctuary (Grimm, 2016). The current study can be used by 
sanctuaries when they are expanding their enclosures and/or creating new facilities to house all 
of the incoming chimpanzees.  
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APPENDIX 
Individual Chimpanzee’s Location Data Points 
 
 
Figure A1: Binky’s Location data points. 
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Figure A2: Chance’s location data points. 
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Figure A3: Jethro’s location data points. 
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Figure A4: Loulis’s location data points  
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Figure A5: Maya’s location data points. 
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Figure A6: Petra’s location data points 
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Figure A7: Rachel’s location data points 
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Figure A8: Regis’s location data points. Note: Data points outside of chimp area are in an area 
in B2 that goes above the human area. 
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 Figure A9: Spock’s location data points 
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Figure A10: Sue Ellen’s location data points 
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 Figure A11: Tatu’s location data points 
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 Figure A12: Toby’s location data points. Note: Data points outside of chimp area are in an area 
in B2 that goes above the human area. 
